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温合成 Pd 纳米粒子并实现控制其形状, 用SEM、TEM表征纳米粒子结构，并运
用电化学循环伏安、原位红外光谱等方法研究其电催化性能，及纳米Pd薄膜电极
上甲酸电催化特性。主要结果如下： 
1.  在液相中以吸附弱，易去除的氯化胆碱为稳定剂，实现在室温控制 Pd
纳米粒子的形状和表面结构。在室温和弱还原剂条件下，制备出具有不规则刺
状及台阶位的 Pd 纳米粒子，进一步调控稳定剂和还原剂的比得到 Pd 纳米刺。
初步研究结果表明，在晶体生长过程中 Cl- 的氧化刻蚀作用形成了具有台阶位
的 Pd 纳米刺状粒子 Pdnthorn，氯化胆碱能通过洗涤而除去，不干扰催化剂性能
的后续研究。运用循环伏安、程序电位阶跃方法研究了 Pdnthorn 催化剂对 CO、
乙醇、甲酸电氧化的催化性能。结果表明, 催化活性显著优于商业 Pd 黑催化
剂，测得其甲酸、乙醇氧化的电流密度约为商业 Pd 黑催化剂的 2倍。 
2.  纳米 Pd 膜电极上甲酸在开路电位（0 V）发生自分解或电氧化变为 CO2 


















位甲酸长时间自解离后，有 CO 物种生成，当甲酸浓度低于 2 M 时，控制电位
在0 V反应，要在反应时间大于 20 h才能检测到吸附态CO (COad)。当甲酸浓度高
于 8 M时，控制电位在 0 V，反应1 h后已检测到COad，红外研究结果表明反应
在0 V进行 1 h后生成了位于 1950 cm-1 的桥式吸附CO (COB)，2080 cm-1处的线
型吸附CO (COL)，并且 COB 的强度明显高于COL。结果证明在控电位 (0 V) 下 
CO 物种在 Pd 表面累积吸附，Pd 纳米催化剂对甲酸催化活性随时间的衰减是





结构 Au 纳米粒子。 



















Noble metallic nanocrystals (NC) are widely used as catalysts, Catalytic 
performance of nanocrystals can be finely tuned by altering their shape. Noble 
metallic NCs with high index facets have drawn more and more attention in recent 
years. Solution-based methods are widely used for the preparation of noble metallic 
NCs. In most cases, a metallic salt precursor is reduced in solution in the presence of 
surfactant, However, as the surfactant always strongly adsorb on the surfaces of NCs, 
as the facets are composed of atoms and they are general exhibit catalytic activities 
for chemical reactions. So the surfactant distort and hinds the good catalytic 
properties of metallic NCs. If choosing a surfactant, it can both synthesis NCs 
bounded by crystalline facets with an open structure, and remove the surfactant easily. 
It is highly challenging. 
Pd Metal Nanocrystals is the anode catalyst in direct formic acid fuel cells. The 
mechanistic studies of the electrocatalytic oxidation of formic acid on Pd have 
fuandamental valuable.  
In this thesis, Choline Chloride are used as surfactant for Pd Metal Nanocrystals, 
The sturcture of the synthesized nanoparticles were studied by SEM andTEM . 
Oxidation of formic acid on Pd nanocrystals was studied by using cyclic voltammetry 
(CV) and in situ FTIR spectroscopy (in situ FTIRS). The main results are as follows. 
1. We developed a novel surfactant to synthesis Pd Metal Nanocrystals with 
Choline Chloride. The structure of the Pdnthorn was characterized by scanning electron 
microscopy (SEM) and high resolution transmission electron microscopy (HRTEM). 
The results demonstrated that Pdnthorn were bounded with thorn and step facets. 
Choline Chloride can removed easily, and don，t hind the catalytic properties。The 
catalytic properties of Pdnthorn toward CO、CH3CH2OH and HCOOH were investigated 
by CV and chronoamperometry (CA) methods, The results demonstrated that Pdnthorn 
















has been enhanced to 2 times . 
2. The procedure of the self dissociation and electrooxidation of HCOOH on Pd 
nanometer electrode (Pdn) was studied by means of CV and in situ FTIR in different 
concentrations of HCOOH and different reaction time at 0 V. The adsorbed CO 
species (COad) have been identified when the reaction time of HCOOH oxidation is 
more than 20 hours and concentration less than 2 M at 0 V. When the formic acid 
concentration was higher than 8 M, COad species were detected an hour later. From 
the in situ FTIR we found bridge-bonded CO (COB) was significantly higher than 
linear-bonded CO (COL). The activity decays of Pdn to HCOOH oxidation with time 
is due to accumulation of COad species on Pd surface.  
3. At room temperature ionic liquid analogue – deep eutectic solvent (DES), we 
attempted to synthesize Pd、Au nanoparticles. First, two sorts of DES were 
synthesized using choline chloride and urea, as well as choline chloride and oxalic 
acid, and then Pd and Au nanoparticles were prepared in DES without adding 
surfactant. Small amount of octahedral shape of Pd nanoparticles and plate Au 
nanoparticles were observed from SEM images. 
























究的一个热点。纳米超微粒子是指粒子尺寸为 1-100 nm 的超微粒子，纳米固体
是指由纳米超微粒子制成的固体材料。1990 年 7 月在美国召开的第一届国际纳
米科学技术会议，正式宣布纳米材料科学为材料科学的一个新分支。那什么是纳
米材料。 
纳米(nm)是长度单位，1 nm 即 10-9 m(十亿分之一米)，纳米材料是指晶粒尺
寸为纳米级(10-9 米)的超细材料，其三维空间尺度至少有一维处于纳米量级(1 ～ 
100 nm)，它是由尺寸介于原子、分子和宏观体系之间的纳米粒子所组成的新一
代材料[2]。一般认为纳米材料应该满足两个基本条件：一是材料的特征尺寸在























数之比随粒径的变小而急剧增大后所引起的性质上的变化。粒径在 10 nm 以下，







颗粒性质的质变，导致声、光、电磁热力学等特性呈现出小尺寸效应。      
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